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THEZ ENLARGED ¥.A.C.A. TAHK, AHD SOME OF ITS WORK*

By Starr Truscott
EABLY TOWING BASINS

Wwhen work on the original W.A.C.A. tank was begun in
1929, there were few vprecedents that could be used in its
dasign. The construction, egquipment, and nmethods of test-
ing of most of the towing basins in cxistecnce had been de-
velopmed to suit the study of models of hulls of displace-
nent craft. The resistance of such a model was determined
with the expectation that it would be divided ianto "fric-
tional! resistance and "wave-mking," or "reciduary," re-
sistaunce accorlding to the Froude method and that the re-
sistance of the full-gize craft would be estimated by com-
puting the frictional resistance independently and adding
the wave-naking resistince obtained by stepping up that of
the nmodel according to Froulde's law,

The principel interest was in resistance at uniforn
speed, corresponding to the interest of the ship operator
in the abllity of a ship to naintain & certain operating
speed indefinitely with a nianinun of power. What would
happen ot extremely high speceds was of 1little interest pro-
vided that the resistance at the designed speed was low.

The towing carriacges of nost of the model basins were
made of structural-steel sections and plate riveted togethe-
er and usually had four wheels with hardencd and ground
steel tires. The wheels ran on steel rails that resenmbled
railroad rails and that were machined to provide a straight,

snooth, and level course for the wheels,
The maxinum speed of most of the carriagses was less
than 15 niles mer hour.

THE ORIGIWAL FW.A.C.A. TAWX

With such precedents, we began the design of a itowing
basin intended to test models of scaplane floats and hulls.

¥UDer vergrlsserte HACA-Schleppkanal und einiges dber seine
Arbeitsweise." Jahrbuch 1938 der deutschen Luftfahrtforschung
{supplenentary volume), pp. 374-95. <//
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These models were of craft that were not true water craft

at all but used the water only as a means of temporary sup-
port when at rest, when landing, or when taking off into
their proper element - .the air. When the craft was in mo-
tion, the lcad on the water varied; in a take-off it changed
continually from a maximum- to zZero as the machine passed
from one element to the other. The water resistance varied
from zero to0 a maximum and back to zero as the speed in-
creased, and could not be divided into frictional resistance
and wave-making resistance in any simple manner because the
wetted surface varied continually through the take-off run.
Fortunately, the full-size aircraft were not very large -
compared with ships - and models of moderate size would rep-
resent them to relatively large scale, and thus would tend
to reduce any difficulties from scale echcts.

It was clear that the new tank must have a towing car-
riage capable of high speed and that, in consequence, the
tank must be much longer than the usual ship tank and much
greater power must be provided to propel the carriage at
the greater speed. More powerful devices for stopping the
carriage at the end of the run must be installed and in or-
der to avoid sliding wheels and d:mage to tires and rails,
additional length must be provided for starting and stopping.

The most influential factor of all, however, was the
requirement that the cost must be rigidly restricted because
the funds available were very limited. This restriction
meant that attention -~ and money - must be concentrated on
the absolutely essential features of basin and carriage and
that everything else must be reduced to the barest minimum.

A workable solution of the problem Jjust outlined was
obtained by devising methods of construction, types of
equipment, and means of operation that had never before been
used in towing basins. Among the novel features of the orig-
inal ¥.A.C.A. tank, which is described quite fully in refer-
ence 1, were: :

1. A basin 1980 feet long, intended to give the towing
carriage a sufficient lengith of run to take usable
readings at its maximum speed.

2. Running rails made of structural H beams which, although
not machined, nevertheless gave n sufficiently smooth
surface for the tires of the towing carriage.

3., A towing carriage that had a maximum speed of 60 miles
per hour (88 ft. per sec.) and hence could tow large
models of seaplane floats at speeds corresponding to
high get-away speeds.
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4, Pneunatic rubber tires on the running wheels of. the

#wo - bowing. carriage, upon.which the carriage ran
smoothly "in spite of the ull&hL roughness of the
surface of the rails and which gave greatcr adhesion
than steel tires, thus making it possible %o accel-
erate and decelerate at very high rates.

In general, each of the novel fentures incorporated in-
to the original design has worked well and, to compensate
for o few difficulties, advantages have appeared that were
not foresecn .when the original ideas were proposed. The wuse
of the H beam rails and th‘.rubber tires was proposced by the
writer as a method of making o considerable saving in the
cost of the tank. It was not until the detail design was
begun that the potentinl effect on the starting and stopping
of the carriage, because of the greater coefficient of fric-
tion on the rails, was perccived ond advantage taken of it.

The high maximum speed of the towing carriage in combi-
nation with the rubber tires provided the anticipated abili-
ty to attoin speed gmickly ond thus to use the length of the
tank to the full in nornmal ruanning., The length of the tank
was found to be sufficient for a test run of about 10 seconds
at 60 miles wmer hour but, at speeds under 50 miles per hour,
from 2 to 8 test points could be obtained during a single
run of the length ol the tanl, the larger number naturally
corresponding to the lowest specds used. This method of op-
cration considerably incruzased the amount of work that could
be dore in a given tine.

Good «s were the rcesults obtained with the original

M.ALC. A. tank, the rapid development of scaplanes and the

increasing worlk rsquired of the taunk soon made it pIain
that even bettcr performance would be roguired, and in 1936
serious consideratior was given to proposals to enlarges it.

. The primnry reasons for enlarging the tank were to in-
crease the amount of work that could bs done in a given
time and to be able to towlarger models at higher spceds.
As has been etoted, the length of the tank was found to be
sufficient to provide o run of about 10 ceconds at 88 feet
per second. It was also found, howcver, that generally only

~one point could be gotten in a run if the speed exceeded 40

feet per second. Inas®much as a good many tests with large
models requlr ed tast runs at speeds up to 50 feet per second
and, occasionally, to 60 fect per second, many of the runs
gave but one point. It was clear that, if the tank were 500
feet longer, ot least one additional point par run counld be
obtained at the higher speeds, and more at the lower ones,
and the time lost in accelerating and Dbrakiang would become

a smaller part of the total time of the run.
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lopment of even larger and faster
sed as a serious matter; and,

s of such craft would require

highor speeds of the towing carriage, the proportion of
single-noint runs would be increased, with a consequent

rbductlon in fthe anount of work accomplished. These facts
indicated that an increase in the length of the basian and
increcascs ia the spoed and the power of the towing carri-
age would be desirable
A survey of the ovailable spioce showed that the naxi-
mum amount ¥ which fthe length of the basin cculd be in-
creascd was 200 feet and the extension of tihce tank by that
ancunt was authorizcecd. The enlarged tank wos opened for
work in October 1937. The rveclative 1enbthu of the origi-
nal and the ernlarged tank can be seen in figure 1,
PRILCIPAL CHARACTERIST QF THE EIULARGTED ¥.A.C.A., TAFRX
The nost coaspicmuous of the features of the enlarged
H.A.Cuhe tank ars aorlvcd dircctly fron those of the orig-
inal tank and owce their preseant form not only to the rea-
sons for their first use but also to the experience ob-
tained with then. 4s in the original tank, therec are:
1. 4 basin of great leongth (new 2,880 Ft.).
2. Rails made of structural H beans, without machining.
3, A towing carriage of very high speed (now 80 n.p.h., ¥
. \
naxinun). qéf‘
4, Rubber tires on a2ll the wheels, pneunatic on thc
running wheels and solid on the guilde wheels.
These featurcs, together with some relatzcd natters,
will now be dilscussed in more detail, in order that their
effects on %the ncthods of testing models and the methods
of reccording data may be more clearly scen.
Basin. The rel forcod concrete basin of the enlarged
H.A.Ced, taﬁk has the following dimensions:
Feet
Lerngth on water, cxzirene 2,920
Hormnl widsh of water surface 24
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Feet
Wornal depth of water : 12
Length of 12-foot depth . 2,880

In the old part of the tank the side walls are coved
in above the water in order toc bring the rails closer to-
gether and also to help reduce the waves. - In the exteon-
sion the side walls oxtend vertically above the water
lcvel for 15 iaclhes and then meet the horizontal lower
surface of the overhangs thot correspond to the original
cCOovVes., The purposc of this change in section 1s to make
it possible for waves to0 run frecly in the extencion when
the wave sunpressors ore rencved, altuough they will begin
to discipate when they strike the coves in the old section,.

Tie two secticng oare conparced in figure 2.

The cenopy of tae extension is precticrlly Ythe sane
in structure and arran,ecnent as that of the original tarnk.

9]

Tl.e rails upon wiich the towing ecorringe ruus are
structural H benne s2t with the web vertlcul, a3 in the
origianal tonk, and are supported on carirs of tae sane

type as in the OTihlﬂal tanit,.

III "“'Ti

ng caerriagse.~- The original towing cerriage of the
HedAeCosne tonk hod four whecls, ench fitted with a large
prneunatic tire »f the tyma uvsed on high-spoed buscs. These
tires were not a staandoard type »f tlrb but were spccilally
nmode with snooth treads he loacds on each tire was about
5,000 pounds and the wheclas and tires wers larzge and heavye.

Cheonging wheels and tires wis a difficult and labori-
ous process and it was concluded that operation would be
better if o standard-sig ire covrld be used and the load
per tire be thercby recduced. These objectives wore accom-
plished by doubling thie number of wheels and reducing their

the

Iov]
to

size to suit a tire thet is regularly nade with a smooth
tread. Doubling the numboer -of whecels rmade it possible to
double the number of propeliiag motors and thus to increase

the acceleration and the nmoximun specd of the towing carri-
age.

The tewing carriage used on the onlarged W.,A.C.A.
tank, as shown in the diagram {(fig. 3}, was nade by remnove-
ing from the four corners of the old carriage the structure
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that supported the wheels, the motors, and the gears, and
replecing it by a new structure, within which are support-
ed the trucks carrying the new whecls, the ncw motors, ‘and
the now gears. The new structure was nade of steel tubing
of the sane type and sizes us d in the cld structure; it
was welded in itself and to the old carriagce structurec.

Trucks.- The towing carriage now operates on elight
wheels arran;ed ian four groups of itwo. Each wheel 1s driv-
en by a 75-horsepower clcctric motor through a worm and
gear and is not mechanically connccted to any other whecl.
Eack poair of wheels supports a truck that carries the two
notors and supporis the carriage through a pivot pin. The
truck can rock freely on ball bearings .cn the pin and any
slight irregularitics in the track causc less vertical no-
tion of the carriage itself than they 4id with the four-—
wheel arrancsencnt. Autcnotive practice has been followed
throughout and wheels now can be remsved - for grinding tires,
or repairs - about as casily as from the axles of an auto-
mobile
This is he
wheels arranged 1

although it is re
very spccilal natur
nethods of work 1

5 %o be the flr t unge of cqualized
s for towing bDasins,
2ets primarily the

of the constructio equipment, and

in uwse in the N.A.C.A

The service brakes are sutonotive and can also be
operated by hond or by standard automotive air-brake cquip-
nent controlled by a pedal. In order to save weisht, the
conpressed-air rescrvoirs are charged throusgh a hose fron
a fixed compregsor ond resorvoeirs Yoshore' and not by a
conpressor on the carriage.

.

Elcctrical broking - rogenerativ
provided as it was on the old carriagns;
provided so that when the carriagze passcs a certalin point
the dynonic braking is autonatically applicd. If the car-
riage passes another point forther on, a second track
switch opcrates and the air Lrake is applied full strength
as in an cunorgenclr. The last resort in braking renains the

ab brekes that were fitted on thc original carriage.

ve and dynanic - is
23 & track switch is

Theo poscibility that a tire may fail aas been provid-
ed for by fitting v ﬂdﬂr cach truclz, but attoched to thae
moain siructure, a steel roller to receive the weight of
thie carriage aad roll on the rail. The car nced sink only
half an inch to brinsg the roller into wplay.

0
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The structure of the carriagce proper is the same as

“in the originzl. - Two cross girders are Jjoincd by two

outside girders and a central girdecr, and all are nade of
gteel tubing welded togethers The deep ceantral girder car-
ries thc dynononeter ~nd towing gear and a cab at the for-
woard end carries the notorman who controls the speed aand
braking of the carriage.

The csrtrol of the specd of the carriagse is by the
Yard Lecnard system. Direct current is supplied to the
ficld coils of all tho motors at the constant voltage of
240 volts and the speod is controlled by varyiasg the volt-
age of the curreat appliz2d to the motor arnaturas

A potenticneter rheostet, operated by o notor that is
controlled from the $towing corricre, controls thoe exclito-
tion of the gencor tor supplying the arnmotare current and
thus ccntrols Do the voltnge arplied to %the noter arna-
turens and tuo sneed 31 the carris;e in eitler dircction,

The regenerat
is coatrolled by 3
licd when the p

ive &]cctriczl oi the corringe
he rotornan. u*naﬁ+c bralziny is aluo
.eial coatrolling the air lrakes is de-

The corriage draws ids supnly oFf rower and its control
of spced aud braling from four -Hoirs of trolley wires that
extend tae full lenth of +the tonk and are supported by
catenary systeas. One rpair of %rclluy wires sunplies in-
depencent power to thoe carriage for lichts, driving snall
notors, anéd the like

4 sccond wmair supplics the field current for the pro-
pellun* motors, o third »ulr supplics the armature curreat
for the pr01“1"ﬁg notors, and the fourth peir provides one
cantrol circuit for controlling specsd and regencrative
braling and anocther for controlliang dynanic braking

A snall noter-senerator set supplioss 240-volt direct
currcnt for sxciting the laorge generator, for the field
currcnt of the prowvelling motors, and for independent power
on the carria=zc. A larze motcr-gencrotor set, consisting
of o 1,2350~horscpover synchronous notor ané an &850 kw d.c.
generator canable of supplying up to 850 volts,. supplics
currveat at variable voltage for the arnature circuits of
the pronelling nmotors.

The electrical cquipnent differs consilerably fronm that
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in usc in most European tanks, particularly in that no
batteries are used and in that the uniformity of speed of
the towing carriage is dependent entirely on the uniforn-
ity of the voltage output of the motor generator scts,.

In conncection with the extension of the tank, a two-
story office building was added at the south end of the
tanlk and the north cnd of the shop was cxtended 100 feet.
arc obtained cn the

Opcration of tanrk. t axw
it during thc tests of a

towing carriage of thie JT.A.C.A. tar
modecl arc:

Spacd

Besistance

Trin

Trimning nonent

Lift developed by the hydrofoil device
Draft {(or rise of center of gravity)

o

The caulmment Ffor obtaining thecse quontities (the
) negists of ‘the dynenornceter, the towing girler,
ance linkope ond is arranged as shown on figure

and thec ba
4,

Sweed 1g meosured by deternining the distance traveled
in a definite time. The ¢istance is obivoined from the dis-
tancc tanc, o steel tape 1L inch wide that exteads from onc
end of tic bank to tiic other. It is sccured at the souih
end of thnec basin and rests on supprrting brackets that ex-
tend bolow the bottem chords of thoe roof trusses. At the
north ceand of the Dba @ir t passes over o sheave and is held

i
under tension by a weight. Holes 1/2 inch in diancter occur
in the tape every 5 feet throughout its length.

Two shecaves, carried above tho top of the main girder
of the carriage, lift the tone off thie bBrackets and guilde
it throurh a horizontal slot in onc side of a small box.

On onc side o the slot is o source of light and on the
other a photoclecetric tube. The lisht beom normally is in-
tercepted by the tape but £21ls on the tube cach tine a
hole passes through the slot and the energy generated in
the tube causes a small solencid to tilt a tiny mirror and
deflect & beam of light.
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The time 1s obtained

cuit for a snnll fraction
“half second and eaclh time

second nmirror and deflect

Both of the mirrors
the top of the dynanomete
beams of light are record
camera on tho top of the

Rasistance is measur

plate spring mountcd at the vottom of

pull of the nodel is appli
and causcs & small deflec
plied by o lcocver extendin
stylus at the upper end o
plate that hangs vertical
contact with the stylus

cal plate.

A Dbeamn of light from
tube folls on thz mirror
of the tube and {through o
canera, where it falls on
as the beams fron the dis
ig obtained by moving the
at o predceterninnd spoed
of all threc nirrors ag 1
is developede.

"ho notion of tuae res

observer - uswually called
wotches
side of the tube.
source situoated at one
reflection by the
zontal nirrvor from which

e by hair sprin .
zontal nirror rests on the

and thus

the motion of a spot of 1light on a
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from a clock that closes a cir-
‘sends a small current to tilt a
a second beam of light.

Just described are located near
r and the deflections of their
ed on photostat paper in the
tube,

the deflection of a stiff
the large tube. The
ied to the bottom of the spriang
tlon. This deflection is multi-
g uwoward within the tube. A

f the lever beors against o flat
ly from on axis and 1s kept in

A small hori-
with the verti-

¢d from

- A
axis andc

noves

o gourca at the upper cend of the
and is reflected to the upper cnd
anrrow slit in the bottom of the
the sane sheet of
tance and tine nirrors. A record
phctestoet paner across the slit
recording the novenents

ines that appear when the papor

istance nirrcr is followed by an
the "dynanoncter naa" -~ who
screen at the

This spot of light comes from & second
side of the recordiang onc and,
resistaa

1ce nirror, Ffalls on a long hori-
it is reflcectod to the screen.

The novencnts o6f a bean from tho timoe nirror also can be

scen on the screen, and a
tine-indicoting couipnent

This device has been
since the WeAJC.A.

tark began operatlion aand,
"teething troubles" wore over,

ailurs of %the lanps or of the
con be instantly detected.

os dcescribed
after variocus

used vpracticelly

hos gliven very

The principal trcuble with it today is that the laonps al-

A

of a second at intervals of onc- .

photostat paper

after

good resulise’

ays selecct the most eritical test point or run on which

to burn out or

to become tenperanental.
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The towing girder is a frame of welded stcel tubing

uspended at the two cade by stainless- stcel tapes that

run cver the two shcaves to the end of the piston rod theot
risces from the danping cylinder and supports the counter-
weight pon. The woight on the water, or load, of the nodel
ig Cetornmincd by tno weight on the counterweight paon. The
nodel is attached to the girder by the pivot fitting at

the botton.

HEE

The forword cord of the girder is extended and helds a
roller that hos o V~shnaped groove in i il wnd runs on
the forward cdge of the vertical boar of the halance 11Pk—
agee The vertical bor has a 7 seciion and the

leg is finished as long kaifc edge to fit the groove in
the roller. The longth of the bar is such that the girder
nay be sct for a nodel of alnost uny depth and may risc and
fall with it to any rcasonable coxtont without running off
tho bar, In extrenc cnses the bar caan be raised or lowered
by roisiang or loworing the whele dynamnomecter on screws,

but the movement is very rarcly acceossary.

job ]
Q
@)
"J

oot O
n

ra
v

As will Te secn, the vertical Lor is connected to the
lower cnds of two bell ecranks by inclined cxtensions.
These cxtensions nre V~Shapou in plen and the vertical legs
of thoe bell crenks are double. This construction gives the
verticrl bar and the bell cronks stahility agoinst lasteral
notions of the girder. The Jorwnard cztending legs of both
bell cranks are Lrought together ond their forward ends
are Jjoincd Dy a single stroaight link,

FPron the lower o of & ccecantral third arn of the lower
bell crank o link extends f
i uct

by orward to th eye of the dynamon-

cter spring. “he construction of the linkage then is such
that thco pull exerted ngainst the eye of the dynanoneiber
spring is olways cqual to thoe reslstance of the model, no
natter what tde p01nt on the vertical bor at which tiae pull
of the resigtonce is anpplicd,.

Vertical stoffs on cach bell crank support inerti
balance weights that con be so adjusted that their ine rtl“

will Dbalonee alnost cxanctly the incritis of the girder ond
the model; and, in this nanacr, the def

cflection of the dynw—
nometcr spring, couscd by ~ccelerating the Carriﬁpe, disap-
pears ond the tine reguired to reach o steady reading is
CnnSld ravly roduced.

The drnanoneter spr
f the

that is nost regularly used
gives o minvement of S

icstance lln on the record of
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8-1/2 inches for 18 pounds of resistance, When it is nce-
essary to measure o highoer valuc, the auxilinry linkage
with the uppsr weight pan is used to suppress the zcro of
the dynomometer. A 10-pound weight in the upper poan de-
flcets the dynomometer spring forward and 1t requirecs a
10-pound pull on the verlical bar to bring the spring back
to zZero.

Tae dynomoncher is calibrated by placing weights in
the pan on tho forwoard link, where they produce doflec-
tions of theo dynanoncter epring exactly cs do pulls on the
veorticnl bar.

bean whoen vicwed

If the zoro reaoding s)
¢ ling, 1t can be
i
ol

in the tolltnale rerecen i
adjusted by w slight chon i
ing spring thot is loecated ot ¢
linlz.

on of tae adjust-
nd of the forwoard

Tne entire linkags is constructed of steel tubing and
plate welded together and alill the Jjoln itted with
ball bearincs specially selected To ricity and ra-
dial clearace. "he visitor may $hink the vell cravks and
links rather crude in aprearacrce bnt tlhe wortmanship used
in locating the ceonters and irnsuring that tho lcngths of

all the parts arec corroct is of the very bost

d‘

The knirfec aedge on the verticol bar is the oanly one in
the systcm. The uge of ball bearings in this service hoas
becen very successful but the sceret of the success is the
fact tuat no matter houv smoothly the carriage runs there
s alwars a vibraition of small amnlitude bu+ fairly Hi?h
frecoucncy. When vibrating in this manncr, ball becariangs
heve praectically no friction and are as cffective as knlfo
clges - and much simpler to usc iun construction.

=t

The maximum movemants of tho linkoges are oxtremely
smell - a 10C0-pound pull (rorcly encountersd) would cause
the dyncmometer spring to deflect about 0.05 inch at the
lower cyc. The occtual measuring deflection, however, al-
ways corrcesponds to the range bebtween zero and 18 pounds
becouse the weight in the upper pan counterbalances all but
the last 18 pounds. lthouzh the device does not give a
measurencnt at zero position it ig near enough for practi-
cal purposcs.

With models of normal sige, 7 to 9 feect long, the
usual accuracy with which the vorious quantities are mcas-
ured is belicved to be as follows:



12 N.A.C.A. Techniccl Memorandum No. 918

Speed, ft. pecr scc. 0.1
Resistance, 1D ‘ =,1
Trim, dogrees *x,1
Triumiag moment, lov. ft. 1.0
Load, 11 T.2
Draft, in. .1
Ia sp asos, thes valuus nay be bottered to suvit

i

(]
requirencnts

c o
; and, on th hand, the conditions of the
tests may malic t

0
it impossible to recalizc then.

(=0

The methods of mensuria; the trim and the trimniag no-
ment arce illustrataed in cnlarged detail ot th
i ~
£

¢ side of fig=-
nre 4. For o free-to- onter of graviity

n tent the rectual c

of the nodel is nade ta 1 &t the point corrcsponding to
the conter of gravity of the full size - the pivot point -
by balnance weights, herizcnt~l and vertical., The horizontal
waights arc usually inside the nodel, the vertical oncs are
fitted on tho staff scen in the figure. Any nmotion of the
nodel about the axi :

s (center of gro vity) is indicatcd by a
pointer that swings with ths model ~nd indicates on a scalce
on the top of the girder. T~is scale 1s read by the obscrve-
er scated nlongside the model.

Ia ftrac

the pull from o h;
reor of the carri..s . ardarofnil is
end of a stecel blacde, the =upper ond of which is carried on
a pin in the lowoer end sf 2 vertical dar that operates be-
tween guide rollers. The angle between blade and bar, and
hence the aungle of attnck of the hydrofoil, is controlled

by %dguutlhz SCTCWSe The naele of attack of the hydrofoil
docs not vary automatically with the trim of the nodel.

tuan wing lift is zirulatcd Dby
-

that rons submcrgod at the right
fni ig mounied on the lower

5 1

L.

Hhy

The downward pull of the hydrofoil is itransnitted
‘throusgh the vertical bar ianto the wire rop: bdy which it is
suspended and thus to the axis at the ceater of gravity of
the nodcle.

The 1ift generated by the hvdrofoil is measured by a
ring dynamomecter in the lince between hydrofoll and nodel,
the ext0ﬂ51on of which is indicated by a dial gagoe that !
rcads to 1/10000 inch. A simple calidbratiocn cnables the
1ift to be obtained in pounds
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'VHOD the tosts of the nmodel arc to be nmade according

"t0 the fZenernl nethod, -first-suggested Dby Secwald (refer-

ence 2) and developed by Schrder (reference 3), the hydro-
foil gear is tilted up out of the water ond (isconncctaed
and the device is arranged to measure the trinming nonents,
as shown in the lower right-hand liagran of figurc 4. The
load of %the nodel is varied by changing the weight on the
counterweight pan. The trin is fixed, ond any attonpt of
the model to change trinm will be resisted bv the trinmning-
noment springe. The deflection of this eprizng, which is a
neasurce of the trimming nonent, con be read in thousandtihs
of =n inch on a d4ial gnge that measurce the nmotion of the
end of the pointer. The deflection of the spring is so
ennll (0.1° for noxinun rnonnent) that neither trin nor re-
istance is chonmed enocugh to affect the nmensurencntse.

T1e rise whon free to trim, or the draft at fixed
trinm, is indicated by the notion of the pointer on the cnd
of tho staff that rise: obove ths nidile of the girder,
as it moves up and down over o scale. Usuolly the scale
is set to0 reood zeoro when thae keel of tire nolel at the step
touches the wator.

Two elcctric tachomcters ars cperated from the shaft
of ono cf the propelling nobtors. One is plnced ot the
notornman's position anl is used to indicate the specd ot
which the carriane runs; he other is nounted under the
carriace to the left of the model and above 1t. This to-
chomater is mounted in a frame upon which are set figures
representing the run number, the date, and the model num-
ber.,. Yhe run number, the date, and thre model number ap-
pear on both back and front, the specd only on the front.
Photographs may be taken from a anumber of positions for-
ward and aft of the model and provide a very good quali-
tative reccord of the performance of the modcl.

)

Mhe enlarged tank and the altered carriage have op-
crated practically as 1xpected. The antic 1Put d gain in
the number of points read per run has been obtained without
difficultys. The maximum number of points rccorded in one
run beforc the enlargoement was 12 although the usual maxi-
mum was 8 It is now casily possible to rccord regularly
14 or 15 points at the slower spceds., o
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THE METHEOD OF TAXING AUD RECORDING DATA

In the carlier work of the N.A.C.A. tank the tests

erc oll of the specific type and the dota were cxpresscd

guantitatively in foct per sccond,
After the introduction of
it became apparcnt that o betiter met
data wos uccessary and, with few exc
the general type of test are now
the well-known nondine

pounds,
tho goneral method of
Lod of
eptionsg,
expresscd
nsional coefficicents.

and pound-feet.
tecsting
cxprossiag the
he date from

in the form of

A
JLond coefficient CA =
3
b
. pos s k
. Resistance cosfficicnt ~CR = 2
wb
-
Lo - M
. 7 o iMoment cocfficicent Cy =
N . v L M 4
\/‘/ - Wb
- v
Spocd coafficient Cy = ——
L ot
vab
é
L/Dra.f‘cco ffi nt Ca = =—
in which, in the ¥.A.C.4. toank,
A is weight oa woter, or load, 1lb,.
LV, spced, feet per socond.
L R, resistance, 1b.
v M, trimming momont, 1lb.-ft.
¢, draft, ft.
LW, specific weigkt of water, 1lb. per cu. fi.
/b, bean of hull, ft.
’ L &y occeleration of gravity, 32.2 £f. per sec®
To thesc cocf‘icients should Be Added the ratio A/R. It
should be remembered that in dmerica this ratio is used as
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gencrally as €, the g%ning number, is used abroad and

cdhate AfR.o= 1f€e o Do

It is relatively casy to obtain nuch of the data di-
rectly in coefficicnt formse The nmaxinmun load of the nodel
is node to correspond to a round value of Cp  and the
load is variecd by amounts that correspond to definite val-
unes of OCp, wsually 0.1C, 0.05, and 0.025., The weights
for providing thesc amounts arc covered netal boxes and
the corrcct weight of each is obtained by fitting shect
lead and fine shot into vockets inside the boxe.

The nethod of taking and recording data can best be
unceorstood by following the operation in detail for a part
of a test of F.A.Cude nodel 74-A, made according to the
genoeral noethod.

Before the test begins, it is decided at cxactly what
speeds, loads, and ftrims the dota will bc taken. The
rangcs for the varicus guoentities arce usually decided fron
experience and inforration concéraning the type or the pur=-
posc of the form that is to be tested.

Specds arc not prescribed by cocfficient because they
annot bo set with sufficicnt cccurncy. Instead, the
speeds arc prescribed in steps of 1 or 1.5 feot per second
in the region of the hump and below, 2 or 3 feet per sccond
Just after the hump, and usually 5 feet per second at aigh
specdise

Loads are prescribed by coefficient, usuclly beginning
with Cp = 0.025 or 0,050, then Cp = 0.10 and continuing
to incrceasc by wvalues of GA = 0,10 to the moxinun to be
investigoted

Trins can be prescribed to dogrees or half degrees.
Usually the trim is varied by 2° increments over o range
that will include the zeroc n-nent and the lowest resistance.

It should be emphasized, however, that no program is
rigid., If anything develops during a test that indicates
o need for a change or an extension, the program is altecred
to suit the need. Eoch set of data is plotted immediantely
after it is obtained and the prozram may be nodified con-
tinually as required,.

The crew required for naking o test according to the
seneral nethod consists of the following:




16 HeleCohoe Teochnicanl Menm

(1) A motorman is stationcd
the centerline girde
of the carrisApse ag d4i
nake it precisely wh
scrves a tachconeter
dicated

(2) A ma

TN
Lol 1L

aoncter

0

reading
aftjustrnents of
Datting weilghts

the

ation
thao

iy

rew chief is
girder. E
is tc he tow
indicating
towcd. (I;
trin, the ri
tne dianl .that

V*opﬂﬂ by i

cngtal
inteo,

and

(3) A

o
and
trin

rec—-to-

b

crov

S'(

b
~

C'

-
cs
Q

of

In the the D

of th

once
tests

o

nan' ig stati

cyliader and
anges tiec weigsh
cd, in order t
water.

izht
f“plu
o

.
1T

ny

(4)

1y
e

.

.

L

-~

I8

ch
rec t
the

]

-1

o~

(5) The "projecct man' has n
harge of tho test
the behavior of the
a1y of the wvariables

gram as he desircse.

&

(@]

<

o

man at the control

the field current co
armature current ind
indicatecd by a volime

The

(6)

in tho

orandun Yo, 918

at the forward end of

r. Hc controls the speced
irccted and endeavors %o

at was cnllaed for dut ob-
aad records the speed in-

stntioned at the dynanon-
n scrcen of the dyna=-
gpot of light that
reccords its position
operates the switch
tnkao reccord, Be-
he checizg the zero
run, he.nakes such
as ore ncecessary by
zoro correcting pan.

-1

vl C

the

2]

KN
(VRS [39

)
LA

de

Lo

the
which

arn

[RE A

towing
the nodel
ftarnd tac 41

ed Dbesi
trin ot

B
eals the

al

nomnt while it is being
tes

he rcads the
cravity, aad
ftin.;, force do-~
also acts as a
and plots the
chanczes in load

trin ts

roject nman he is in charge

Just behind the large
counterweight pan.
the pan, when and
uce definite loads

oncd
the
ts on
o pProd

fah

S

station., He is in
rves and reccords

it is related to
v change the pro=-

o}
nd
mod

ng

g) 73]

eps the voltage of

nctes the meximunm
and notes the speecd

tLe armature cir-—

desk ke
nstant,
icatoed,

ter in




il

NeAeCelAs Tochnical Memorandum ¥Mo. 918 17

cuit that is calidbrated in fect per seccond.

Tomrews e Oneesdgnal from.the.carriage, he reverses the

nmotion of the carriage. He can stop the car-
riage ot any time and, if desired, could con=-
trol its speed. : s

a -

The nmodel to bn tested is sccecured to the towing girder
by the fitting thoat is suspended on the pivot. The loca=-
tion of the pivot is made to coincide.as ncarly as feasible
with the posiition of the center-of gravity of the full-size

caplane and the model is ballasted to bring the horizonital
position of the acitual center of gravity vertically under
thot position. If the model docs not represent an actual
machine, the pivoet 1s locnted somewhore near what would be
o reasonavle position for the center of gravity if the hull
were part of o complete moachinc.

g..x .

The medel is set to the trin to be investigated and
tae draft gege is set o read zero with the keel at the
main step just touchinz the woatcr.

5
p

" The upper part of o fixecd-trim data sheet as it is
preparcd Dby the crew chief with the test data filled in
is shown in figure 5B, iost of the iteus in the heading
arc self-cxplanatory, but J.0. gives the "job order®" or
accounting nunber to which tho costs of the test are to

-be charvcd and C.M. the position of the center of monentse.
P

F.5.D. rows that for a cuange in resistance C of
L R
0.1 the gcflcctlon of the light spot on the screen is
5.94 iaches The notation "windazce compensated™ indicates

that in t;lS particular test the windage of the exposed
parts of tie towing gecar was balanced by that of a disk
nounted on an exteasion of the upper iancrtia balance staff.

The tine. of bnminniug the run is entered on the sheet
and the run nunber is placed adjoining. Several points
aay bo obtained on the run anld the first point is given

letter a3 the others follow in sequoacce. The predeter—
nined load for the first point 1s indicated as a coeffi-~
ciernt (in this case 0.3) and the load for each successive

point is sinilarly indicatoed.

The notorman is t0ld thnt the speed will be 25 feet
per sccond aand that there will b> 5 pointse The weight
nan is told that the first load will be a coefficient of
0.3 and thot the cocfficients will increase to 0.7 hy in-
crenenss of O.1l. The dynanometer man reports that the
zero corrcction is gzero, that is, that there is no weight
in tho zero correcting pane.
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. The carriage is started and the motorman endeavors
to bring the carriage to exactly 25 feet per sccoad as
quickly as he can. He overshoots slightly and finds the
tachoncter reads 25.3 when the specd becones constant.
When the.carriage 1is at constant speed, he signals and a
set.of rcadings is taken.

Tac crew chief finds that the dial on the trimnming-
nonent spring indicotes o doflection of 2/10000 inch and
the draft of the model is 1.4 inchos. Trhe dynamoneter
nan finds that the deflection of the light spot indicat-—
ing resistance 1is 3.8 inches, .

The dynanoneter man tokes whatever time he deens
necessary to gect o good record of resistance, usually not
less than 5 scconds, then signals the crew chief. If the
latter haos his own readings to his satisfaction, he sig-
nals the welight man who rcnoves a 0Cp = 0.1 weight fron
the counterweight pon, thus raising the load to €, = 0.4,

o>

s for a ancw reading and the
repetition continues until the
d - in this casec without a change

The crew chief signal
process 1is repeated, The
end of the tank is reache
in speeds

At the end of the run the notorman reports the read-
ing of the tachometer to the crew chief who enters it ﬁn—
der "V Rdge" The dynanonmeter nan reports his successive
rcadlings as inches of deflection and they are ceantered under
"R Rdag." He also rcports that for the last point he sup—
pressed the zero by Cp = 0.05 and the corrcction is en-
tered uander "zero corr.% A zero correction of 0,05 corre-
sponds to a doflection of the light spot of 1/2 of 6.94
inches or 3.47 inches, This corrcction ig called 3.5
inches and added to the 5.5 giving "R net" of 9.,0. It
will be noted that the correction is added from then until
run 37f, wherc an R rcading 0f-0.4 was obscrved.

The data having beon noted, the model is 1lifted fron
the water and the carriage is returned to the south end of
the tonke While en route the dato as to resistance ond
nonent arc plotteld and inspzeted to see how the curves ap=-
pear. . ’ '

As'soon os the waves have guicted (usually by the
tine the return is conpleted) another run is. begun at 30
feet per sccound and with an iaitial load cf Cp = 0.7,
This time the load is reduced by stages until, at the low=-
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est load of Cp = 0.2, the moment spring does not indicate
“and thedraft appears -to be zero.. The last point of this
run is repeatced as the first of the next but, as the record
shows, thc motorman misses the spced and rcads 28,5 feeot
per second instecad of 30. The point at Cp = 0.2 1is fol-
lowed by one at G, = 0.1 and then the speed is changed
from nominal 30 to nominal 35 fect per sccond, (in reality
3%.0) and the load is roduced to Cp = 0.05.

EW:"‘" S

BEe=Ee

NS

The other notes on this shesct are self-explanatory
except that the "38c" in the column headed "Photo" indi-
cates that vphotographs of the spray were taken as part of
the record of that point.

s

The data sheets go to the computers together with the
developed records from the camera, and a scecond shecet is
preparca = the "Summary Sheet" shown as figurce 6. .

Most of the hcadings of this sheet also are sclf-
explenatory, but "Dya. Cal. 014434 indicates that, on
the record of resistance, the mecasured dlistance of the
meon resistance line from the zero line in inches is to be
multiplicd by ©0.01443 to reducc it to terms of Cgy. "Mo-
ment Calibration YT-3" indicates the particular calibration
to be used for-the reading of the noment spring dial in
order to reduce it to terms of CN'

F

Tho truc specd for cach point is determined from the
record by counting the record of the number of feet in a
given nunmbar of scconds, is reduccd to CV’ and entecred
under "3Speced Coef."

The distance of the mean resistance line from the zero
line is neasured in inches, coaverted to Cp, and entcred
as "Gross R Coef." The gero corrcction is taken from fig-
ure 6 and cntered as "Zero Coef." In this case, there is
no corrcction for windage of dynauometcr structurc; if
therc were, it would be entered in coefficicnt form under
, "$¥ind. Coef." Finally under M"R.Coef." thec algebraic sun
of the "Gross R. Cooef.," "Zoro Coef.," and "Wind. Coef."

; is ontered as the final value of Cx for that pointe. The
» o other conversions are obviouse.

The records of the points shown on figures 5 and 6
I were not suitable for reprolduction..
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The data from the sunmary shect ("figs 6) are plot-
ted on o separate sheet for each valuel of © 7 with Cy
as abscisso, Czr and O as ordinates, and OCp as pa-
raneter, giving the well-known families of curves as in
figures 7 (a) ana 7 (b).

In order to obtain a view of the nmanner in which the
values of Cp and CM vary with trim, the curves are rc=
plotted as cross curves at sclected values of Cy with
T as abscilssa, Cp os paraneter, and Cp and Oy as
ordinates. The cross curves derived from the sumnary
shect of figure 6 will be found on the right-hand side of
figure 3 for Cy = 4.5.

This description has included only a part of the data
from the tests of this model but enough to illustrate the
nethods - The complete data for N.d.CsA. model 74-A will be
found in reference 4.

USE OF THE DATA

As a result of our studies of mcthods for using data
from tank tests of models of hulls of scaplanes, we have
come to the conclusion that the relative merit with regard
to resistance of forms for hulls can be determined only by
considering each form az part of a specific conplete sea-
plane and ncking take-off conputations for each. Each
take—off computation will give quantitative results that
can be compared with sinilar results from the otherse In
addition, there must be a gqualitative comparison to detcr-
nine the relative merits as to spray and, cventually, as
to porpoising and behavior in a scaway.

The nethods of plotting and »resenting the results of
tests that have Jjust been described arc well adapted for
this work. An exanple, in which the data that have just
been presented will be used, will be the best denonstra=—
tion., The computatiocn 1s for sea level and no wind.

Let it be assuned thet it is proposcd to use a hull
having the fornm of ¥.A.C.A. nodel 74-~A, as shown in figure
9, for a very large flying boat such as has been suggested
by the United States.Maritine Commission for possible fu~
ture trans-Atlantic usc. Accepting the assunptions nade
in that report, we have:
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Gross weight . . . . . . . . 250,000 1b.

RO B

i Wing loading « « o o« .':'. &4%wib.ysqL"£t.
Engine power, nonianal. . . « 12,000 b.hp. for
tokoe=off . . 15,000

The nunber of engines and the details of the propellers are
as yet unknown but, from previous conputations and "experi-
encec, therc is a thrust curve for a seaplane having a
smaller power with four engincs and it is assuned that

the thrust of the propellers will be proportional to the
powers

e T e e

The wings are assuned to hove split flaps of 20 pere-
cent chord width over 60 percent of the span and, in
starting, the flaps are sct 300 down. Fron a wind-tunnel
test of a model having a somewhat sinilar arrangement of
wing ond hull, there are obtained the 1ift and the drag
curves of the completc craft and the lifts and the drags
of the various comnponcnts. The curves of hull and parasite
drags.are corrccted to suit the diffcercnce in wing loading
and the drag of the hull is dcducted. The naxinum 1ift is
corrected for scale, and the 1irt and the drag curves are
carrected for ground effcct. Miere follows:

!
,
|
i

Wing rea o o o o o o o s o o o » o « 5,560 sq. Tt
Geonetric aspect ratio (assuned). o« 10

Span. e ® e o & o e s e & e o ¢« o o @ - 236 ft.

| fecan chord. « o« o o ¢ o o o o s o o 2%.6 ft.
t . N .
: Height of wing above water (assumed). 20 ft.
. Heizht of thrust line above center

of gravity (assumed) « o« + « o » o 8 ft.

The oagle of wing sctting relative to the hull will
have o considerable influence on the performance. If it
is nade %oo low, the hull will trin too high during the
high-specd part of the run; if it is made too high, the
hull will be down by the bow in flight. A conpronise is
necessary, but it can be nade intelligently by assuning
several angles and naking prelininary computations for
each according to the following method, It is not aeces-
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conplete calculation .-but only the part
In this particular

“the
the high-specd range.

problen the angles of wing sctting considered were 59,

70, and 90,

Inspection -of a sketch showed that 90 would

be surc to cause the hull to be too nmuch

down

hy the bow

while cruising and
curves of high-spc
+and 79 (fig. 10)

resistance then 59,

Angle of wing

The curves of
dynanic struoture,
of the earlier nod
“hull for an angle
the angle of
plot is not essent
errors

The best sigze
data fron the test
anything between t
at rest, CA 0

R
or norec, according
conditions of the
mnodel 74-A, the 11
was assuned ot CA
as starti

-

inagined

show that 7°

° 45,

this angle was nct conputed. The
¢d resistance for wing settings of 5°
gives a lower high-specd
and ccnsequentlys.

setting + o + 4 o . o 70
lift and drag coefficients of the aero=~-
assuned to be gcnerally sinilar to that
el are nowv replotted against trinm of
of wing sctting of 70, instead of against
attack of the wing giving figure 1l. This new

ial but it reduces the probability of

of he
of

hat

the hull cannot
the model. It nay
corresponding to a
and the correcsponding

pradicted from the
be found to Dbe
load coefficient
to CAR = 1,0

to the leagth-bean ratio and the other

problom. In the case of the forn of
nes were droawn and.the water line at rest
R = 0.60. In other words, the form was

ng at that value of and the flow

n
UAR

ané spray werc inagined to suit,’

every designer of hulls.

In this particular
nade for three valucs of

casa, an

‘was found that Cp, = 0.55 gave th
work only for thqtavaluo.will be
,Ffom the assunptions that
. CAR = 0.55
Ap = 250,000
and
w = 64 1lb. per cu. ft.

al

Cap * 0.50,

(for sea

nust be the practice of

estinate of
0.55,

got
and

—away was
0.60., It

hest result and the

o

described in nore detall.

1b.

water)
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. it follows that:
_ - =3/ 250000 .. . . -
bean, b = [f——we— = 19,231 f%.

[\.x
i

k' J/ 64 % 0.55
and consequently that: ;
S A A
cA = = (1)
64 x-(19.21)° 455000
. R )
c = - = (2
R 7 64 x (19.21)% 455000
M M
Cy = — = ' (3)
64 x (19.2)° 8750000
7 v
Cy = = (4)

24,9

The 1ift and the drasg of the acrodynamic structure
arc conputed as follows:

6,60 Cp V° (5)

1t

L = 1/2 x 0.002378 x 5560 Cp V°

D = 1/2 x 0.002378 x 5560 Cp V® = 6.60 Cp V- (6)

As a first approxination, the get-away speed is as-
| suned to be 115 percent of the stalling speced. The stall-
3 ing spced is obtoined fron

260,000 = 6.60 X 2.3 Vg°

250000
» and VS =\// 50
- _ A 6.60 X 2.3

128 ft. per scc.

]

and v 1,15 x 128

il

1l

147 ft. por scc.
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dhen the resistance curves sinilar to figure 7 (a) for
this nodel are exanined they show that - as night have
becn expected because of the low step and low angle of
afterbody kecl ~ there are large increases in resistance
(obviously caused by wetting of. the afterbody) for a
range of speeds that includes the V., Just assuned and
for trins of 6° and above. The curvés for 39, 40, and 5°
show no such increases. The trim at take-off, therefore,
nust not excced 5° and, if take-off occurs at 59,

. ~/ 250000
v 6.60 x 1.74

VR

. = 147.5 ft. wper scc.

In this casc the differcnrnce 's insignificant and
~either valuz of V,_, can be used in the conmputetions,. Had

the differcence beed great, a study would have been made of
the liniting conditions indicated by the results of the
tests and the approxinate value would have been selected

to suit.
The resistance at a few points over the hunp and a
fewv morc at ¢ 5% trin just preceling the get-away, when
conputed by preseat method and conpared with the

thrust at those speceds, show that in both ranges the thrust
availadle for acceleration is very nearly the same. This
‘condition is considerecd a desirable onc and the complete
conputation is undcritalzen.

SRS &

3

ct <t }—'-

o Hh

If the cxcess thrusts differed grecatly, the size
would “e alitered - incrcassd to deocrease hunp resistanc
and increase high speed resistance, or decrcased to ine-
crease hump resistance and décrease high speed resistance =~
until the desired condition was obitained. '

The curve of the expected thrust in pounds is drawn
against specd in feet per second as abscissa (fig. 12) and
preparations are nade to derive the curve of resistance
froe~to-trinm - taking into account the triumming noment
produced by the thrust. The curve will be derived to ex-
tend beyond the point where running at best trim under
the control of the pilot is possible.

A conputation sheet is prepared, consisting of verti-
cal columns and horizontel lines. The colunns are headed
in order with the values of Cy wused ir preparing the
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cross curves of Cp and GOy of the nodels For cach of

the wvalues of Cy, - the procedure-is the sane,.

In toble I three columns token from a full shect are
reproduced for the purpose of illustrating the method. In
addition to.the synbols at the left, for the successive
itens in each colunn, there are given at the right the def-
inition of each item, the unit in which it is expressed,
and its derivation.

The derivation of item 8 - T, trim (first approxi-
nation), in nore detail, is as follows: ZEanter the nonen
curves of figure 8 at the value of Oy equal, and oppo-
site in sign, to the value of Oynhe Follow horizontally

EN
to o point corresponding to the load parameter of Ca .
: app
It will be necesswry to use carc in interpolation. The
value of the abscigsa of the point is the approxinate
trin T.

Waen iten 12 - Cp - load coefficient - is found, it
should be conpared with the veolue of itenm 7 - CA - and,
PP
if the agreenent is not recascnable, the velue of item 12
should be used as a seccnd approximation and itenms 8 to 12

sheurld e conwuted a second tine.

The value of iten 14 - Cp, resistance ccefficient -
is obtained Yy entering the cross curves of figure 8 and
going veortically up the value of T to find the value of
Cr corrcsponlting to the value of T and Cp.

The values of R + D, obtained on the conputation
sheet plotted against speed on figure 12, give the curve
of resistance free-to~trinm.

It is assumed, however, that the craft is pernitted
to travel free-to-trim only tc a speed of 55 percent of
the got-away speed and that from then on the pilot will
control the itrin to give nmininun resistance.

It then becones necessary to determine at what trins
the machine shall be held at high speed in order to ob-
tain nininun total resistance. The sinplest way is to
deternine the curves of total resistance at a nunber of
trins and then to prescribe the trins corresponding to the
lower envelope of the curves. This operation is somewhat
sinpler than the previous one because the fixing of the
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trin T fixes t values of CL and Cp for the whole

he
range of values of Cy fron shortly after thec hunp to
well beyond the assumed value of Vg.

The operation 1s as follows: .

Assunc the values of T for which the curves are to
be derived. Normally, the values range fron 30 to 79 by
10 intervals but in this case we know that 7T cannot ex-—
ceed 5° without excessive resistance, so we assume 39, 49,
and 5°, and obtain the values of OCp and Cp for each
from figure 11,

For each valume of T. assuned, a conputation sheet 1is
prepared - generally similar tc the previous one - and the
procedurce is much the sane. The colunns are headed, in
order, with the values of CV covering the range of specds
to be investigated as found in the cross curves of Cyp and
CM of the nodel, and for each of the valucs of CV. tae
procedurc is the somce. Table II shows threc colunns taken
from o full sheet, with notations as in table I, The deri-
vation of iton 6 - Cn, rcsistance coefficient - is the same
as for iten 14 of table I.

Fron the valucs of R + D for each value of T, o
sories of curves can Dbe plotted showing the resistance of
the couplete craft ot the various fixed trinms from near the
hunp to where the craft is air-borne. It will be fcund
that the curves interlace, now one and now another being
the ninipun. If the trin of the nachine can be controlled
to keep on the mininun, the take-off will occur in the
nininun tine and distance.

In figure 12 the passage from free—-to-trim to fixed
trin is indicated by the arrow hecad. It will be observed

- that, although 4° gives the minimum resistance almost %o

get—-away, a pull up to 50 just at the end reduces the re-
sistance guite sharply and leads to the get-away.

In figure 12 the points indicated by triangles cor-
respond to the tabulation at Cv = 2.6 frece—-3vo-trim; those
indicated by circles corresmond to the tabulation at CV =
4.5 at fixed trim of 4°. The same symbols apply in figure
11, where the 1ift and drag are derived, and in figure &,
where the approximate trim and resistance free-to-trim and
the resistance at fixed trim are obtained from the cross
CUTrveSs
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Figure 12 showé3on1y one combination, as worked out
- u,,,ﬂ‘foxwwﬁARw; 0.55, . Similar curves for other values of CAR

can be obtained and. a comp]ete survey can be made of the
.effect on the e31stance of the various values.

The simplest and mbst r&pid'method of eéﬁimating the
time and distance to get-away that we have been able to find
is given 1n reference 5 and it is applied in figure 1l2.
Stnrting ot zero speed and resistance, a line is drawn as
incdicated with a slope of W on g where W is theé "gross
weight of the machine and g is the specd reached in 1
"ﬁcond ‘under the acceleration of graviity. W is plotted
at the sbale of R and thrust and g at the scale of
speed. Yhen this line intercepts the curve of the thrust,
it is turned back at the same angle with the vertical, but
on the other side, and the zig-zag is continued until the
get-away is roached. The tine in seconds to get-away is
the nunber of times the line is reversed, or intercepts
the two curves. Tae cdistance to get-away is the sum of
the respective abscissas to the points where the line re-—
verses, rc aaing them as distances instead of speeds. In
this case the time to gat-away is 83 seconds and the dis-
tance run is 7,770 fcet. '

i
I3
1
}

=

This method of obtoining time and distance to get—
away is especially helpful where al ternative curves of re-~
sistance or thrust are encountercd because it is simple to
apply and yet it brings out very cle arly the affect of any
changcs in thoe forms of the curves.

Comparisons to determine the relative merits as to
spray, porpoising, and behavior in a seaway have not becn

made at the iT.A.C.A. tank, but it is hoped that some day

they can be made. Tor the present we present this brief

survey of the novel fceatures of our tank, the methods of

; testing models, and the methods of using the data in the
" hopec that they will assist those who uscd the reporis of
work in the H.A.C.A., tank to undcrstand how and why cer-
tain features are as they arc and thus to use the reports

with grcater casc.

B - e e G T




28

w3
.

HeAdeCoshAas Technical: Menorandun. IJo. 9218
- REFERENCES

Truscott, Starr: The WN.A.C.A. Tonk - A High-Speed
Towing Basin for Testing Models of Secaplanc Floats,.
T,Re ¥oe 470, W.A.C.A., 1933, (Reprinted ian Air-
craft Engineering, vol. VI, no. 61, March 1934,

PD. 67-=74.) '

wald, Friedrich: On Floats ond Float Tests, T.M.
Jo. 659, HaA0C.A., 1931,

Schr8der, P+: Towing Tests of Models as oan Aid in the
Desizn of Scaplancs. T.i. Fo. 676, W.A.Ced., 1932.
Truscott, Starr, Parkinson, J. B., Ebert, John W., Jr.,
2d Valentine, B. Floyd: Hydrodynanic and Aerody-
nanic Tests of Models of Flying-Boat Hulls Designed
for Low Acroldynanic Drag. F.A.C.A, Models 74, 74-A,
and 75, T.ll. ¥o. 668, T.A.C.A., 1938,

Horymann , H.: Seaplane Flrooats and Hulls. Pt. 1. T.M,.
oo 426, MW.A.Coii., 192



¥

N

TABLE I ’
Hodel 74-A Ag = 250,000 1b. Cpg = 0.5?
Free-to-trim, including effect of tarust acting 8 feet above center of gravity. Flaps dowanO .
Item no.fSymbolg Cy = 2.4, =2.6 | = 2.8 Jefinition . Unit | Jerivation
i i i | speel cosfficient assumed
% . — % : : :
1 v 59.6 | 64.6 | 8.6 | Speed f.p.s. | Equation 4
5 | W 3,560 | 4,180 | 4,230 : Speed squarel (f.p.s.)® ¥®
g 52,250 | 51,700 | 51,000 | Tarist 1b. | Figure 12
1 p | -418,000 | -413,600 | -408,000 ' Noment tarust 1b.-ft. | T X 8
i } ! )
5 St -.048 ¢ -.047 |  -.047; Tarust .coment coefficient Equation 3
i ! L a
6 > .835 .808 | .777 ; Proportion of load 1 - (V/Vg)
7 CAapp .4R0 . 444 3 427 ;Approx. load coefficient P chAé
8 T 74 8.1 7.5 ! Trim (1st approx.) degrees | Figure! 8
9 ¢ 1.99 2.05 | 1.995Lift coefficient Figure 11
10 L 48,800 1 55,500 | 63,900 | Lif , 1b. Equation 5
1| s 201,200 | 193,300 | 188,100 | Load 1b. | 250,000 - L
12 Ch 443 .425 41 oy Equation 1
13 T 7.4 7.9 7.3 Trim (24 approx.) degrees | Figure 8
14 Cr .085 .087 .072 | Resistance coefficient Figure 8
15 R 38,600 | 39,500 | 35,900 | Resistance 1b. Equation 2
1A Cp L1785 .137 .174 | Drag cocffiicient Figure 11
17 9 4,100 5,200 5,600 | Drag 1b. Equation 6
18 R+ D 42,700 44,700 41,500 | Total resistance 1b. R+ D
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TABLE II

Model 74-A iy = 250,000 1b, Cpp = 0.55
Fixed trim, 7 = 4° A Cp = 1.64 op =0.12
: g R e - B
Item no} Symbol { Cy = 4.0 | = 4.5 = 5.0 | Definition © Unit | Derivation
| § ; i specd cocfficient | assumed
i | i i ;
R o } ¥8.5 111.8 |124.2 | Speed | £.p.5. _| Equation 4
2 1 y® | 3,500 12,500 ; 15,400 | Speed squared | (f.p.s.)®| ¥° ,
3 | L 1 107,000 {135,200 l166,700 | Lift | 1b. Equation 5
4 | a | 143,000 [114,800 | 83,300 | Load . Ib. 250,000 - L
5 1+ Cp .15 | .263 |  .183 | Load cocfficient | Equation 1
6 | oy | .058, .053| 047 | cop | Figure 8
7 | R | 25,400 24,000 | 21,400 | Resistance | 1t Equation 2
8§ | 0 | 7,901 9,90 | 12,200 | Drag L . Equation 6
9 | R+ D! 24,300 ! 33,900 | 33,500 . Total resistance |  1b, R+ D

b1

'Ol WNPULIOUWSH TEOTIUYDOL °*V'H°'V’

BT6

037



[T N A A SR S W B |
1000 feet

Figure 1.- The relative dimensions of the
original and the enlarged N.A.C.A.

Warer line

- Section

Original

tank,

. A, Towing gear assembly
1 = Anjle of attack adjustment 13 = Light source @
2 = Hydrofoil " 14 = Mirror
3 = Dasphot 15 = Stylus
4 = Towing girder 16 = Sgring 8
‘5 = Lift ring .17 = Counterweizhts
6 = Dial indicator . 18 = Indicator arm
7 = Draft scale 19 = Trim
8 = Inertia counterweight 20 = Water surface
9 = Calibrating pan 21 = Trimming-moment. spring
17 = Upper pan 22 = Trim adjusting Screws
11 = Zero adjusting spring 23 = Center of moments g}
12 = Camera 24 = Pivot (center of gravity of

airplane) )
B. Free-to-trim set up
C. Fized trim set up 3
DG
Figure 4.~ Arrangement of the
' towing gear of the

Resistance
dynomomeler

Linkage

see enlorged
detoils, B &C

enlarged N.A.C.A. tank,

4

Extension
Figure 2.~ Cross sections of the original
and the enlarged N.A.C.A. tank.
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Hydrofoil

Angle of attack adjustment
Running rail

Guide wheels

Trolley wire

Distance tape
Photo-electric cell
Damping cylinder

Towing gate

Trim & momend vndicators
Draft scale

Inertia counterweights
Water surface

Resistance dynamometer

15
16
17
18
19
20
21

22

23
24
25
26
27

O O A [

Spring

Mirror

Light source

Camera

Braking rail

Emergency brake

Emergency roller

Calibrating & tare wetght pans
Bottom chord of roof truss
Weights to counterbalance model
Pivot & center of moments
Frame with adjustable height
Center line of motor

Figure 3.~ The general arrangemenf of
the towing carriage of the
enlarged N.A.C.A. tank, |
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N.A.C.A. Technical Memorandum No. 918. Figs.5,6

4.0.568(-8 NAGA TANK SHEET__Z _
FIXED TRIM DATA SHEET

MODEL NO. _zﬁLA_NAuE_S.thm_/Lnsd_HuLL_Tssr oateOct 20 1937

G, n_l&a_ﬁadm_&éé_md/ag":g -
. r INN_ TRIM= SERVER - <
no__l__c OR pBs., (94 i ° OBSERVE ’%ﬁé’”

Windage ccm/ven'afed

TIME | RUN Ismmdonwpuofq LOAD| V v | R {zero| r REMARKS
NO. SET. | RDG.| RDG. coan.! NET
£52 136 2| £ 3 125 | 253838 Qo
b 244 17 vy ~F
c 631\ 2.0 5 J?
o /24| 2.5 .6 z3 | o
el /98] Jo -Z 5 1051 Fo
20¢ | 37al s05] 2./ 7190 1297 495 245\ttt Linal
bl _bo| 12 XA 355 735
el =3l 26 5 26 &./
fed 2| 13 L 26 4
e /1 70 .3 .65] 15
L] == | — .2 -4 los |3/
(1t | Fdal— sel] 7 -2l o lads|30 o
bl—s8| . ./ 20| |
el- 9! .1 |2 45| 35 1330] /75| O M«fé

Figure 5.- Sheet for recording data from general test.

J.0..56d8/-C NACA TANK SHEET_Z_
SUMMARY SHEET FOR COMPLETE TEST

MODEL NO. 7%/-d. NAME sStream/limed e/l SCALE_____ _DRG. NOS.___

DESCRIPTION _S/ee rmocliFied

TEST DATE _s0/27/3 DYN. CAL.. - O7#43 __ MOM. CAL Y=#20
WINDAGE  SURVE ensate 7=, CoMP.__ALD _ cHKD. MG
oare] WAl BPEED FROM:: B 1E5ER |COEF GOEE|CORF MoG: COTET Mo, [orr|  REMARKS
%20 | 360 |.2.22 376| aud oy 3| 2|l oadl r2 | us
b Fd714/77 0658 log2gl .| <] 2/ |43
c 387|546\ 0546 ogwld) S| 63|.s50) 244 .45
o é_& 2!3;‘./06/ yo) W NnIARLE 291.48
e (33| 5. 50l-079:4 o5 s294 .7 (94| 487| 3|25 _
37a ‘»44,7'4?3 0710 s200| -7 1 r03|-250f 2.5 1.755 Am
b L4A IS 055 1954 ¢ ol-r¢3| 2.3 | /5
C | 4S50, 257037/ 5 =23 2.0 /25
d\oLsn| /58 nrad .g728) _+f =2|.g0a| 47 |.105
€\ 4/ 8] &5 0094 .3 /1. X .09
Ll .35 aons | . lotsgl 2] — | — | — -
3fa 4371303 ousz o o3 R | —rfino/fl 1.1 | .07
b |#3/12-00 0229 I .0289| ! |- /8 +o25| - F£|.05
c|ooA )bz lozu] o ozt -asl - Fteoro| -5 | .03 4«744/

Figure 6.- Sheet for summarizing data from general
test for plotting.
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Figure 7b.- Variatiom of Cy with Cy at

Figure 7e.~ Variation of Cr with Cy at
b R v T=4%, CA parameter.

T=4%, CA parameter.
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Figure 8.~ Var 1“10; gf cﬁ :ng Cy with Figure 12.- Variation of thrust and resistance
T at Cy=2.6 and 4.5. with speed. Construction for ob-
CA parsmeter, taining time and distance to getaway.
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N.A.C,A, Technical Memorandum No., 918 Figs.10,11
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Speed, f.p.s.

Resistance, 10,000 1b.

Figure 10.- High-speed resistances for angles of wing
setting of 5° ani 7°,

- |
4:m_mﬁ+__m_~%mﬁ;_ﬁ4;7<f:fl__mm_€gm_wy .16

Figure 11l.~ Variation of Cr, and Cp of aerodynamic struc-
ture with trim of hull.




